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Introduction
In the mid 1990s and early 2000s, it was a hype that information and communication technologies (ICT) would change the world so quickly and that the world would witness rapid (and perhaps sustainable) growth and productivity gains in the years to come. 1 This belief has caused a big bubble in the world economy and especially in the US economy. In 2001, the bubble burst and the world economy turned its face back to "brick-and-mortar" economy. 2 It is soon shared by many that the ICT revolution was just a bubble from the stock market dimension. The experience of world stock markets was nothing but the speculative side of the story. Indeed, the ICT revolution had caused concrete and serious changes on the real economy. In particular, it created a huge goods and services economy with strong forward and backward linkages. Given its huge impact, the ICT revolution is started to be tagged as a general-purpose technology, like steam engine and electricity, by many economists. 3 Many economists consider ICT a general-purpose technology due to its pervasive character: it has already become an indispensible part of production of goods and services, irrespective of industry. The literature has identified two important channels by which ICT can have real effects on real economy: production of ICT and the use of ICT (by other industries). Firstly, the ICT sector itself has quickly become an important industry at global level coincided with the growth of the service industries. Processors, RAMs, hard disks, motherboards, desktops, notebooks, and super-computers are just few items that ICT industry produces. It is estimated that the global marketplace for ICT will exceed $3.7 trillion in 2008 and will top $4 trillion by 2011 (WITSA, 2008) . In short, the ICT production sector is very important for real economy as this industry (i) nourishes GDP, (ii) increases its share in GDP due to what characterize this industry: rapid technological progress, strong and persistent demand, falling (relative) prices, rising quality, and increasing product variety.
Secondly, ICT revolution has contributed significantly to the whole economy by rising productivity. First, ICT increases labor productivity in ICT-using industries by simply making labor to produce more (c.f., van Ark et al. (2003) and Matteucci (2005) ). For example, a secretary can handle the same office tasks in a shorter period due to the ICT revolution. Second, ICT makes physical capital more productive (c.f., Röller and Waverman (2001) ). A good example is computer numerical control (CNC) machine, which has increased productivity of physical capital in all manufacturing industries since its use. 4 All in all, the ICT revolution had led to significant productivity increases in the ICT-using industries.
The discussion presented above however does not answer how individual economies are affected from the 'ICT revolution'. In particular, we need to know whether developed and 1 We use Information and Communications Technologies (ICT) as an umbrella term to include all technologies used for the manipulation and communication of information. We believe that ICT encompasses the term Information Technology (IT), though sometimes the two are used interchangeably. 2 The bubble was roughly covering 1995-2001 and generally coined 'dot-com bubble', as the newly founded Internet-based companies was the main characteristic of the period. During the bubble, venture capital was widely available and, in consequence, stock prices increased rapidly. 3 General purpose technologies, also called drastic technologies, describe great leaps of innovation that can affect the global economy. Examples are the steam engine, railroad, and electricity. Since Kondratieff (1926) , many researchers, including Schumpeter (1939) , Mensch (1979) , van Duijn (1983) , Kleinknecht (1987) , and Mokyr (1990) contributed to the issue by identifying their main characteristic that drastic technological changes generally appear in clusters in leaps. Relatively recently, David (1990) and especially Bresnahan and Trajtenberg (1995) made the term general-purpose technology (GPT) popular again. Many, e.g., Helpman (1998) , consider that ICT is the general-purpose technology of modern times. 4 Computer numerical control (CNC) is a computer 'controller' that drives a powered mechanical device typically used to fabricate components. developing countries are benefited homogenously from the ICT revolution. The curiosity arises from the general observation that underdeveloped and developing countries do not have a sizeable ICT producing industry and may not have the capacity to absorb full benefits of using ICT. Firstly, ICT production is concentrated in few countries (e.g., U.S., Ireland, China, and Taiwan). The rest, including all African and Latin America countries and many Asian countries, does not have physical production of ICT. In that respect, ICT products are nothing but imported goods for the majority of underdeveloped and developing countries. Secondly, human capital and physical capital is a scarce factor of production for a majority of underdeveloped and developing countries. In that respect, these countries may not able to exploit the full benefits of using ICT as they lack proper and sufficient amount of human and physical capital that complements the ICT revolution. This observation makes one curious about the extent that underdeveloped and developing benefits benefit from the ICT revolution.
We believe that a good macro variable that may verify whether underdeveloped and developing benefits benefit from the ICT revolution is to examine the contribution of ICT on economic growth. This paper targets exactly this point. In particular, this paper aims to investigate whether the ICT stock has had any positive effect on the long-run growth rate of underdeveloped and developing countries between 1995-2006. Figure 1 below is a descriptive representation of the question: it scatter plots the relationship between average growth rate and the ICT index in our sample data. Figure 1 . Average growth rate of GDP per capita versus ICT-index, 1995 ICT-index, -2006 Figure 1 suggests that ICT investment may also be a positive determinant of long-run growth in underdeveloped and developing countries.
We believe that the answer to the question whether ICT enhances economic growth or not is especially important for policy makers of developing countries. We discussed above that ICT has two channels that enhance productivity (and hence economic growth) and that many underdeveloped and developing countries are solely importers of ICT products. Policy makers of these countries may be biased with the idea that ICT-use is sufficient to increase productivity. The weak positive correlation illustrated in figure 1 suggests that that idea may be naïve in the sense that investment in ICT may not automatically generate higher productivity and growth. Given that these countries have limited resources, the extent that ICT-use contributes to economic growth becomes more motivating.
This study works out theoretically and econometrically whether ICT investment has a positive impact on the long-run growth performance of underdeveloped and developing countries. In the theoretical part, we augment Solow model à la Mankiw-Romer-Weil (1992) , henceforth MRW (1992), and Yoo (2003) by defining ICT capital as factor of production next to from physical and human capital in the production function. We show that the expected sign of ICT investment is theoretically positive. In the empirical part of this study, we undertake a panel data analysis to check the validity of this argument. Our panel data analysis show that the use of ICT services (generated from the ICT-index) has contributed positively to the long-run growth performance of underdeveloped and developing countries. This finding is also supported by studies such as Hardy (1980) , Norton (1992) , Avgerou (1998) , Röller and Waverman (2001) , Bassani and Scarpetta (2002) and Yoo (2003) which have shown evidence that ICT investment has positive impact on economic growth. 5 The organization of the paper is as follows. Section 2 portrays an illustrative theoretical framework. We borrow the framework from Yoo (2003) . Our contribution in this part is to extend his work and to suggest some corrections. We show that ICT investment has a positive effect on economic growth for a model economy. Section 3 first describes the data, its limitations, and the panel data model. Next, the findings of the model and its implications are presented. The last section provides some concluding remarks and discusses policy implications of findings.
An Illustrative Framework
This study considers an augmented Solow model, à la MRW (1992). We suppose, as Yoo (2003) , that there are three types of capital, namely physical capital, ) (t K , human capital, ) (t H , and ICT capital, ) (t Z . The production technology is a constant-returns-to-scale Cobb-Douglas in the form of ( )
where α , β , and γ are production elasticities of physical capital, human capital, and ICT capital, respectively. Following the literature, we assume that labor ) (t L and technology ) (t A do grow exponentially at the exogenously given rates of n and g :
Let us assume that output per effective capita is defined as
. Then, the production function
in terms of effective capita. Under the assumption that a constant share of output is saved and invested for each type of capital, the following accumulation functions are defined:
where K s , H s , and Z s represent constant saving rates for physical capital, human capital, and ICT capital accumulation, respectively. For matter of tractability of the model, we assume that the depreciation rates for each type of capital are same.
It is easy to show that the differential equation system defined in (2) will not generate endogenous growth at the transitional period or at the steady state and k , h , and z will have the following steady state values: 6
By substituting respective values of * k , * h , and * z in equation (1), we find the respective steady state value of * y :
Via taking natural log of equation (4), we can show that Yoo (2003) defines the solution procedure as "substituting the production function (1) in the differential equations (2), taking logarithms, and solving the resulting linear system". This procedure cannot give the solution he presented in equation (3) in his paper. Firstly, "taking logarithms of equations in (2)" does not lead to any solution. Secondly, "taking logarithms of equations in (2)" does not yield a linear system. The true procedure is as follows. Firstly, we express equation (2) in growth rates by dividing both sides by the respective capital. Next, we jump to steady state. Third, we take time derivatives of both sides of differential equations and recall that all variables grow at constant rates at steady state. Fourth, we prove that variables do not grow at steady state. Finally, using the information that variables do not grow at steady state, we solve the 3-equation non-linear system and find respective steady state values of the three types of capital. This is equation (3) in Yoo (2003) . However, we argue that this is not the ultimate form of equation that has to be regressed, contrary to what Yoo (2003) did. 7 Visibly, the variable on the left hand side is, output per effective labor, which is not measurable. In that respect, we need to transform it into output per capita. Using the definition, we get
is output per capita and * y is the steady state (long-run equilibrium) value of the same variable. This is one of the equations that inspired us in the empirical part of our analysis, à la MRW (1992) . The model-economy shows that investment in ICT has a positive impact on real income per capita.
The Speed of Convergence in the Augmented Solow Model
Equation (6) alone may not be sufficient to capture the impact of ICT on economic growth in developing countries. What is measured in (6) is the contribution of ICT on economic growth at steady state. However, ICT is also important on economic growth in the transition to steady state. In particular, it is interesting to know whether ICT plays any significant role in convergence of developing countries and this extension is missing in Yoo (2003) . Below, we drive the convergence equation of ICT-augmented Solow model. Recall that the production function becomes 
) (
Log-linearizing the differential equation system in (7) 
Substituting the respective value of * y from (4) and recalling that )
This is the second equation that one may use to measure the impact of ICT on economic growth. Equation (11) suggests that growth of income is a function of the determinants of the ultimate steady state and the initial level of income, ) 0 ( ln y .
Data, Method and Results

Data
For operational and analytical purposes, we used the World Bank's classification, which uses gross national income (GNI) per capita as the main criterion for classifying economies. Based on its GNI per capita, every economy is classified as low income, middle income (subdivided into lower middle and upper middle), or high income by World Bank. According to 2007 GNI per capita, the groups are: low income, $935 or less; lower middle income, $936 -$3,705; upper middle income, $3,706 -$11,455; and high income, $11,456 or more. We considered low income and middle income countries of World Bank classification as underdeveloped and developing countries in our study (the list of countries is given in Annex A).
ICT investment data have been retrieved from World Development Indicators Online Database and is composed of fixed line and mobile phone subscribers per 100 people and internet users per 100 people. We are aware of the fact that these two statistics cannot be considered satisfactory by any means to capture the ICT stock. However, there are serious data availability problems for underdeveloped and developing countries and we are forced to use these limited data. We also retrieved growth rates of per capita GDP, human capital, and high technology exports data directly from WDI Online. Our data set consists of 131 underdeveloped and developing countries for the period of 1995 -2006. It is unbalanced data set because of lack of some data in series, especially for underdeveloped countries.
Economic growth rate is the dependent variable in our model, which is expressed by annual growth rate of GDP per capita. High technology exports (HIGHEXP), which is percentage share of the value of high technology exports in manufactured exports, is one of the independent variables that we use in our empirical analysis. We use this variable to capture the impact of ICT on economic growth indirectly under the assumption that exports of high technology indicates the level of ICT embedded in the production. Another independent variable is ICT stock, of which its values calculated by the fixed line and mobile phone subscribers per 100 people and Internet users per 100 people. We are aware of the fact that our definition of ICT can only be considered a first approximation. Given the limited availability of data especially for underdeveloped countries, we are forced to define ICT like this. We also used one-year lagged value of GDP as independent variable under the expectation that previous GDP is a significant determinant of current GDP. As a proxy for human capital variable, we employed primary school completion rate (PSCR) from WDI database. Even though there are more suitable candidates such as UNDP data on combined gross enrolment ratio for primary, secondary and tertiary education or UNDP education index, the use of these proxies causes a considerable fall in degrees of freedom because of the unavailability of data for many of the underdeveloped countries in the data set.
Panel Data Analysis
Panel data analysis has become more popular among researchers due to its advantages. The description of panel data comes from surveys of individuals. In this context, a "panel" is a group of individuals surveyed over time repeatedly (Frees, 2004) . Panel data sets have several advantages over cross-section and time-series data sets. Panel data sets provide multiple observations on each individual in the relevant sample. It usually gives a wide data points to the researchers by increasing the degrees of freedom and reducing the collinearity among explanatory variables. Consequently, it improves the efficiency of econometric estimates. Moreover, panel data analysis allows researchers to analyze important questions that may not be addressed using cross-sectional or time -series data sets (Hsiao, 2002) .
Econometric Analysis
Several studies 8 found that the economic relationships are dynamic and panel data techniques is the best technique to conceptualize the dynamics of adjustment. 9 For our case, it is an unquestionable fact that current growth of GDP is a function of previous growth rates. Therefore, existence of such a situation permits us to utilize the dynamic panel data model. Moreover, the inclusion of lagged independent variable makes the OLS estimator both biased and inconsistent. Arellano and Bond (1991) proposed an efficient generalized method of moment (GMM) estimator (see Arellano (2003) for a summary of further developments in the method of GMM). Thus, this discussion in the literature led us to select GMM estimation method as the most suitable one. Furthermore, the result of Hausman test (that is provided below) rules out the possibility of using fixed effects estimators. Further, we specify the weighting scheme, providing for additional efficiency of GMM estimation, under the assumption of 2SLS instrument weighting matrix (Arellano, 2003) . For this reason we utilized the lagged values of independent variables as instruments. Before beginning to any econometric estimation, it is important to test the reliability of series in order to get trustable results. Consequently, first of all, unit root tests of our variables were made. According to these tests, both ICT and human capital variables suffer from the unit root problem and we solved this problem by taking first difference of the series. Further tests show us that both variables are integrated at order one (unit root test results are available from the authors on request).
Secondly, Hausman specification test of correlated effects was applied in order to test random effects against fixed effects. According to Hausman specification test of correlated effects shown below, our model would be random effects model. After determining the true type of the model, the dynamic panel data estimation with GMM is carried out for three alternative models. The results are shown below. Note: t values are in parentheses. * significant at the 10% level; ** significant at the 5% level; *** significant at the 1% level According to our results, ICT investment has a positive and significant impact on the growth rate of underdeveloped and developing countries in models 1 and 2. In particular, we find that one unit increase in ICT usage leads to about 0.1 percentage rise in GDP growth. Yoo (2003) had found the value of the coefficient of investment in ICT as 0.553, which, we believe, is quite high. Our results indicate that HIGHEXP is insignificant and negative. Recall that we used this variable an alternative measure of ICT on economic growth under the assumption that ICT is embodied in high-technology exports. The only explanation we have for this unexpected sign is data problem that these countries have. The positive relation between GDP growth and its lagged value is also consistent with the literature. We find positive but insignificant impact of human capital on economic growth. All in all, we show that ICT has a positive and significant impact on economic growth. The main obstacle in researching an economic question for underdeveloped and developing country data is data problem. Unfortunately, this study was not an exception to this general rule. In that respect, all our results must be taken with keeping this limitation in mind.
Concluding Remarks
The positive impact of ICT investment on economic growth has not been sufficiently studied for underdeveloped and developing countries in the literature. In this study, we run three models to test whether ICT investment has a positive impact on economic growth or not. The answer to this question is important for policy makers because if the impact of ICT use is a significant and positive element of economic growth, then underdeveloped and developing countries should reserve resources for ICT to achieve sustainable growth. Our results show that ICT has a positive impact on economic growth. We therefore suggest policy makers that they should continue to invest in ICT. Our results must be taken with caution due to serious data limitations. Our ICT definition depends on data availability. As we discussed at the very beginning, ICT is rather a general-purpose technology with a very high level of pervasiveness. Data restrictions did not allow us to define a better ICT. The proxy for human capital we are forced to use also has serious limitations. Similar problems exist for human capital and even for the share of hightech exports. Future research must focus on compiling better data for the same analysis. 
